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1. Introduction 

Electronically controlled reconfigurable bandpass filters 

are in great demand for wireless communication and cognitive 

radio systems due to their ability to achieve frequency tunable, 

compact filter-size, and simple construction. In addition, 

bandpass filters should have a multi-frequency response to 

satisfy the increasing demands of modern multifunctional 

communication systems. Reconfigurable bandpass filters 

(BPF) can adjust the spectrum of proposed wireless 

communication bands and provide support for cognitive radio 

systems [1], [2]. Several planar filters with varying 

performance levels have been investigated and applied in order 

to get different characteristics, such as the ultra-wide band 

(UWB) filter with stopband using parallel-coupled microstrip 

lines [3], the lowpass filter (LPF) [4], the tunable high pass 

filter (HPF) [5], and the bandpass filter (BPF) loaded with 

stepped impedance stubs [6].  

Reconfigurable bandpass filters may be created and 

divided into two main kinds, namely discrete-switching or 

tuned filters and continuously-switching filters. PIN diodes, 

micro-electromechanical systems (MEMS) switches, or 

optical switches are commonly used in filter topologies with 

discrete switching. Filter designs based on varactor diodes, 

ferroelectric/magnetic materials, or MEMS capacitors are 

often used to enable continuous tuning [7]. Several design 

approaches for reconfigurable continuously tuning filter 

responses have been developed, such as [8] using two varactor 

diodes incorporated within a bandpass filter to get a frequency 

tuning range from 2.5 GHz to 3.8 GHz, and [9] also using 

varactor diodes integrated with T-shaped and H-shaped filters 

to achieve a 32.9 % frequency tuning range from 4.26 GHz to 

5.94 GHz and with 36.7 % frequency TR from 3.85 GHz to 

5.58 GHz, respectively. In [5], the implemented filter is found 

to have a continuous tuning range of 1030 MHz to 2150 MHz 

by using varactor diodes. Reference [10] achieves a high-

selectivity tunable balanced BPF with a tuning range of 1.6 

GHz to 2.27 GHz and a fractional bandwidth (FBW) of 34.6%. 

On the other hand, different methods for designing 

configurable discrete states for filter response have been 

developed, such as [11], the filter can change its bandpass 

behavior due to the change in the electrical length of the T-

shaped slot using four PIN diodes. A reconfigurable SBF with 

a series of spiral resonators based on the PIN diodes is used in 

[12], and a switchable dual-band BPF is used in [13]. A ring 

resonator BPF with reconfigurable bandwidth based on a 

parallel-coupled line structure and a cross-shaped resonator 

with open stubs is presented in [14], and a wideband BPF with 

reconfigurable bandwidth (BW) is presented in [15]. A dual-

mode microstrip square-loop resonator is used to design a 

reconfigurable BPF with switchable BW for wireless 

applications is proposed in [16]. In [17], a novel reconfigurable 

BPF for WiMAX and WLAN applications is proposed. 

Reconfigurable discrete-switching tuning using PIN diode 

technology has achieved particular interest over the 

reconfigurable continuously tuning filter using a varactor 
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diode due to its low RF loss and signal distortion, especially in 

the case of wide bandwidth where extensive tuning is required. 

 In addition, the PIN diode offers high power handling, fast 

switching speed at low cost, easier packing, and lower bias 

voltage [7]. Many studies have proposed the design of compact 

microwave bandpass filters through the use of the Multiple 

Mode Resonator (MMR) [12-15]. Stub loaded-MMR was used 

to design a microwave filter with improved passband and 

stopband characteristics for 5G applications [18]. The MMR 

was also used to generate a multi-band passband filter response 

[19], and the slot line version of the MMR was used to design 

a differential wideband BPF [20]. A quarter-wavelength 

resonator was attached to the MMR to generate electric and 

magnetic coupling in order to obtain multiple passbands [21]. 

Varactor diodes have been used to reconfigurable and tune the 

filter's pass band with MMR [22].  

This paper presents a compact low-cost reconfigurable 

BPF for WiMAX, 5G and WLAN applications. A pair of PIN 

diodes is used with the aid of SL-MMR BPF to switch the filter 

frequency response discretely. At the ON state of the PIN 

diodes, the filter frequency coverage extends along the range 

of 3.38-3.95 GHz, centered at 3.52 GHz with a reflection 

coefficient less than -43 dB. On the other hand, the BPF covers 

the frequency range from 4.423 GHz to 6 GHz with a center 

frequency of 5.2 GHz and a reflection coefficient of less than 

-28 dB at the OFF state of the pair of the PIN diodes. For cost 

reduction objectives, the FR4 dielectric material is chosen as 

the dielectric substrate material of the proposed filter. 

2. Reconfigurable E-shaped band-pass filter 

The proposed E-shaped filter consists of a half-wavelength 

microstrip resonator and a central quarter-wavelength short-

circuit stub as an SL-MMR that provides a nearly flat pass 

band and a pair of transmission zeros for improved stopband 

suppression. The low-cost FR4 substrate with a dielectric 

constant of 4.3, a loss tangent of 0.025, and a thickness of 16 

mm is used as the substrate of the band pass filter structure. 

The top layer of the band pass filter has a feeding strip-line 

with a length of Lf = 17 mm and a width of Wf = 3 mm, 

providing a characteristic impedance of 50 Ω. The feed line 

consists of two subsections separated by a distance of            

Wcut = 0.2 mm gap. This gap operates as a fixed capacitance, 

allowing the filter to operate in band pass behavior [11]. The 

two strip-lines are coupled with an E-shaped, which is made 

up of a folded half-wavelength microstrip resonator and a 

short-circuit stub in the middle [23], [24]. The length of the 

microstrip resonator is L1 = 14.3 mm, and the width is               

W1 = 0.36 mm. The half-wavelength resonator is folded at both 

ends to reduce the size of the BPF. For reconfigurable BPF, a 

pair of PIN diodes for discrete switching is inserted into the 

folded region of the half-wavelength resonator. The central 

short circuit sub has a length of L2 = 0.8 mm and a width of    

W2 = 1 mm with a via hole of 0.5 mm diameter as shown in 

Fig. 1. The filter has total dimensions of length Lf and width 

Wg of (17 × 17) mm2, which is 0.36 λg × 0.36 λg = 0.1297 λg
2 

at a center frequency of 3.52 GHz. The bandpass filter can 

change its operating frequency by changing the length of the 

E-shaped microstrip resonator. The physical structure of the 

BPF with a metallic ground plane is shown in Fig. 1. All the 

dimensions of the proposed design are listed (in mm) in Table 

1. 

 

 
(a) 

 
(b) 

Fig. 1 Structure of proposed SL-MMR filter (a) Top view and (b) ground 

plane. 

Table 1. Parameters value of the proposed BPF filter (in mm). 

Width Length Gap and Via hole 

Wf = 3 L1 = 14.3 g = 0.2 

W1 = 0.36 L2 = 0.8 Wcut = 0.2 

W1 = 1 Lf = 17 Via = 0.5 

Wg = 17 L3 = 3 D = 1.5 

 

3. Filter analysis and modeling 

Several basic equations should be recalled before delving 

into the SLR transmission line model to make filter analysis 

easier to understand. The equations given in [25] can be used 

to calculate the characteristic impedance of the microstrip line 

(Zo) and effective dielectric constant (εreff). Moreover, the 

characteristic impedance with an input impedance (Zin) of a 

lossless transmission line and a load impedance (ZL) is 

provided in [26]. The phase constant (β) can be related to the 

resonant frequency of the transmission line using the following 

formula based on the quasi-TEM characteristic of the 

microstrip line [26]. 

 β = 2π × f
r
 
√εreff

c
                                                                (1) 

 

Port 1 Port 2 
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Where fr is a resonant frequency, and 𝑐 is the free space speed 

of light. Fig. 2 shows the even-mode and odd-mode equivalent 

circuit of the BPF. 

 
                  (a)                              (b)                       (c) 

Fig. 2 (a) SL-MMR (b) even-mode equivalent circuit (c) odd-mode 

equivalent circuit. 

Where Z1 and Z2 are the characteristic impedances of each 

section, L1 and L2 are length of the half wavelength open-

circuited resonator and the quarter-wavelength short-circuited 

stub [27]. It is important to note that the even-odd modes 

resonant frequencies are obtained by producing a weak 

coupling between the feed line and the SL-MMR (E-shaped 

resonator) [28]. 

3.1. Odd-Mode Resonant Frequency 

In the odd mode, two separate sources excite the dual ports 

of the filter. The signals have the same amplitude, but a 180° 

phase difference. In this situation, the voltage signals on the 

symmetry axis are of identical amplitude, but with a 180° 

difference in phases, and the current signals are equal in 

amplitude and phase [18]. Therefore, the resulting voltage at 

the axis of symmetry is equal to zero at the resonance 

frequency, but the current signal is at its maximum value as 

that in the short-circuit case. As illustrated in Fig. 2(c), the 

center stub effect is neglected due to this short circuit. The odd 

mode's input impedance is: 

Zino = Z1 
ZL + jZ1 tan θ1

Z1 + jZL tan θ1

                                                              (2) 

Applying input impedance equation with ZL = 0, results in: 

Zino =  jZ1 tan θ1                                                                             (3) 

Where θ1 is the electrical length of the open-circuit stub which 

can be expressed as: 

θ1 = 
β L1

2
                                                                                        (4) 

The condition of resonance is that the input impedance should 

equal to infinity Zino = ∞, at the resonant frequency [28]. Thus, 

θ1 = (2n − 1)
π

2
,    n = 1, 2, 3, ….                                         (5) 

By combining (5), (4) and (1), the odd-mode resonant 

frequency (frodd) can be obtained as follows: 

f
rood

 = 
(2n − 1)c

2L1√εreff

                                                                       (6) 

where (εreff) is the effective dielectric constant of the feed line. 

3.2. Even-Mode Resonant Frequency 

In the even mode, two separate sources excite the dual 

ports of the filter. The signals have the same amplitude and 

phase difference. The voltage signals are identical in 

amplitudes and phase angles at the axis of symmetry, whereas 

the current signals are equal in amplitudes and are out of phase 

by [18]. A maximum voltage value is, therefore, displayed at 

the resonant frequency on the symmetry axis and a zero current 

value, which is comparable to the open circuit. The effect of 

the central stub appears in this situation, as illustrated in        

Fig. 2(b), and the symmetry axis divides the central stub into 

two halves. 

Zin2 = 2Z2 
ZL + jZ1 tan θ2

2Z2 + jZL tan θ2

                                                          (7) 

For the short stub ZL = 0, 

Zin2 =  j2Z2 tan θ2                                                                            (8) 

Where θ2 is the electrical length of the short-circuit stub, which 

can be expressed as: 

θ2 = β L2                                                                                          (9) 

The input impedance of the even mode is: 

Zine = Z1 
Zin2 + jZ1 tan θ1

Z1 + jZin2 tan θ1

                                                          (10) 

For the resonant condition Zine = ∞, thus 

Z1 +  jZin2 tan θ1 = 0                                                             (11) 

Substituting (8) into (11) yields, 

Z1 − 2Z2 tan θ2 tan θ1 = 0                                                    (12) 

tan θ2 tan θ1 = 
Z1

2Z2

                                                               (13) 

For simple case of Z1 = 2Z2, the above equation is reduced to: 

tan θ2 tan θ1 = 1                                                                     (14) 

Therefore, the resonance condition for this simple case is given 

by: 

θ1+ θ2 = (2n − 1)
π

2
                                                               (15) 

or, 

L1+ 2L2 = (2n − 1)
π

β
                                                            (16) 

The even-mode resonant frequency freven for the case of              

Z1 = 2Z2 can thus be obtained as: 

f
reven

 = 
(2n − 1)c

2(L
1

+ 2L2)√εreff

                                                   (17) 
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From equations (6) and (17), the odd-mode resonant 

frequency is just affected by the length of the half-wavelength 

resonator (L1), while the even-mode resonant frequency is not 

affected by both the central stub length (L2) and (L1). The effect 

of changing the length (L2) is shown in Fig. 3(a). It is 

noticeable that when (L2) is increased, the even-mode resonant 

frequency decreases, while the odd-mode resonant frequency 

is not affected so much. Fig. 3(b) shows the effect of changing 

(L1) on both even-odd mode resonant frequencies, and it is 

clear that increasing the length of (L1), both even-mode and 

odd-mode resonant frequencies will be decreased. 

 
(a) 

 
(b) 

Fig. 3 even-odd mode resonant frequencies, (a) the effect of changing of 

(L2), and (b) the effect of changing (L1). 

4. Simulation result 

In this paper, the PIN diode (SMP1340-079LF) was 

selected to be the switching element used to reconfigure the 

BPF. The reflection and transmission coefficients of the 

proposed filter. The equivalent circuits of the PIN diode for the 

ON and OFF states using a characteristics impedance of          

50 ohms on the dual ports are shown in Fig. 4, and their 

parameter values are given in Table 2. Advance Design 

System (ADS) 2020 [29] is used to simulate the corresponding 

equivalent circuit of PIN diodes, as shown in Fig. 4. PIN 

diodes are represented by lumped RLC elements in the ADS 

simulation to add and study the effect of actual PIN diodes. 

The insertion loss is 0.18 dB at the ON state, across the 

frequency range of 1 GHz to 8 GHz, as shown in Fig. 5(a). 

This indicates that the diode will have low impedance and 

operate as a short circuit for RF signals. When the PIN diode 

is turned OFF, the insertion loss will increase with the 

frequency, starting from a value of about 17 dB, as illustrated 

in Fig. 5(b). This will result in high impedance and no power 

from the source to the load terminal will be transmitted and it 

operates as an open circuit. 

Table 2. the parameter values of the equivalent circuit of the PIN switch 
diode. 

ON OFF 

Rs = 0.85 Ω R = 103 Ω 

L = 0.7 nH L = 0.7 nH 

 C = 0.21 pf 

 

 
(a) 

 
(b) 

Fig. 4 equivalent circuit of PIN diodes, (a) ON state, (b) OFF state. 

 
(a) 

 
(b) 

Fig. 5 S-Parameters of an equivalent circuit of PIN diodes, (a) ON state,  

(b) OFF state. 

The simulated results of the BPF are summarized in two 

cases, depending on the state of the PIN diodes. CST 

Microwave Studio [30] is used to simulate the proposed BPF. 
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Case 1: (D1 & D2 are ON) 

The BPF changes its operating band in response to the 

electrical length of the half-wavelength resonator when the 

pair of switch diodes is turned ON. In this case, the BPF covers 

the frequency range from 3.38 GHz to 3.95 GHz, which 

includes the WiMAX and 5G bands. The 3 dB fractional 

bandwidth (FBW) is equal to 16.2 % (absolute bandwidth = 

570 MHz) with a mid-band insertion loss of 1.3 dB and a 

center frequency of 3.52 GHz. The reflection coefficient 

reaches a value of less than - 43 dB. The filter has two 

transmission zeros (TZs) in this case: the first one is at                

Tz1 = 2.89 GHz with an insertion loss of more than 33 dB and 

the second one is at Tz2 = 4.76 GHz with an insertion loss of 

more than 31 dB, as illustrated in Fig. 6. 

 

 
Fig. 6 S-parameter of the BPF at case 1. 

Fig. 7 (a, b, and c) shows the surface current distribution of 

the BPF at the first transmission zero (TZ1), center frequency 

(fc) and the second transmission zero (TZ2), respectively. It is 

clear that the current is concentrated at the E-shaped resonator 

at the frequencies of the transmission zeros, and there is no 

current at the output port. In adverse, the current passes 

through the filter directly to the output port at the filter's center 

frequency. 

 

   
(a) 

   
(b) 

 

 

 

   
(c) 

Fig. 7 surface current distribution at case 1. (a) TZ1 = 2.89 GHz,  

(b) fc = 3.52 GHz, (c) TZ2 = 4.76 GHz. 

Case 2: (D1 & D2 are OFF) 

When the pair of switch diodes is turned OFF, the BPF 

changes its operating range to a higher frequency range 

because the length of the resonator is decreased. In this case, 

the coverage bandwidth is (4.7 - 5.93) GHz, including the 

WLAN band. The 3 dB fractional bandwidth (FBW) is 23.65% 

(absolute bandwidth = 1.23 GHz). The mid-band insertion loss 

is 0.8 dB, and the center frequency is 5.2 GHz with a reflection 

coefficient of less than - 28 dB. It also has two transmission 

zeros (TZs), the first one is at 3.65 GHz with an insertion loss 

of more than 47 dB and the second one is at 7.43 GHz with an 

insertion loss of more than 38 dB, as shown in Fig. 8. 

 

Fig. 8 S-parameters of the BPF at case 2. 

The surface current distribution of the BPF at the first 

transmission zero (TZ1), center frequency (fc), and the second 

transmission zero (TZ2), respectively, are shown in Fig. 9 (a, b, 

and c) respectively when the diodes are OFF. 

   
(a) 
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(b) 

   
(c) 

Fig. 9 Surface current distribution at case 2, (a) TZ1 = 3.65 GHz, (b) fc = 5.2 

GHz and (c) TZ2 = 7.43 GHz. 

The reflection coefficient and the transmission coefficient 

of the reconfigurable BPF are shown in Fig. 10 (a and b), 

respectively, when the pair of PIN diodes is in ON-OFF states. 

 
(a) 

 
(b) 

Fig. 10 S-Parameters for the two cases, (a) Reflection coefficient, (b) 

Insertion loss. 

Table 3 shows the simulation results of the switchable BPF 

when a pair of PIN diodes is in ON-OFF states. Table 4 

compared this work with some previous works. Low cost, 

small size and only a pair of PIN diodes are used in the 

proposed BPF with two tuning states to get two bands for 

WiMAX, 5G, and WLAN applications. Low insertion loss and 

high selectivity are obtained in each case with two 

transmission zeros characteristics of the bandpass filter. 

 

Table 3. Simulation results of the proposed reconfigurable BPF. 

 

 

 

 

 

 

 

 

 

 

Case 

Band (GHz) 

(applications) 

Center 

frequency fc 

(GHz) 

 

RL (dB) 

@ fc 

- 10 dB 

Impedance 

Bandwidth 

(MHz) 

FBW % 
IL (dB) @ 

(GHz) 

Rejection (dB) @ f (GHz) 

(Transmission Zeros)  

Lower Band Upper Band 

Case 1 
3.38 - 3.95 

(WiMAX) 
3.52 43.35 570 16.2 

33.16 @ 2.89 

33.16 @ 2.89 

(TZ1) 

31.6 @ 4.76 

(TZ2) 

2.6 @ 3.38 

1.3 @ fc 

2.1 @ 3.95 

31.6 @ 4.76 

Case 2 
4.7 to 5.93 

(5G and WLAN) 
5.2 28.5 1230 23.65 

47.6 @ 3.65 

47.6 @ 3.65 

(TZ1) 

38.4 @ 7.43 

(TZ2) 

1.7 @ 4.7 

0.8 @ fc 

1.4 @ 5.93 

38.4 @ 7.43 
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Table 4. Comparison of the proposed work with other relevant works. 

Ref. Filter case fc (GHz) FBW% RL (dB) IL (dB) 
Via 

Holes 

PIN 

diodes 
Substrate TZs GHz 

No. of 

zeros 
Size 

[13] 

i. Dual BPFs 1.2/3.5 3.5/4 34.4/32.3 

2.79/2.96 2 2 

RT/Duroid 
6010LM 

ɛr = 10.2 

h = 0.635 

9.84 fc 1 0.21 λg × 0.064 λg ii. BPF 1.2 3.5 34.4 

iii. BPF 3.5 4 32.3 

[14] 
i. BPF 2.4 58.5 More 

than 15 
1.1 - 4 

Roger 4003C 
εr = 3.55 

h = 0.813 mm 

2.7 fc 1 
0.514 λg × 0.514 λg 

= 0.264 λg
2
 ii. BPF 2.4 75 

[15] 

i. BPF 5.69 34.8 
More 

than 30 
1.4 - 4 

RO4003 

εr = 3.38 

h = 0.508 mm 

- 

2 

29.4 mm × 29.4 mm ii. BPF 5.68 48.4 2 

iii. WB-BPF 5.66 56.5 2 

[16] 

Single-mode 

BPF 
2.4 1.5 

More 
than 15 

1.5 

- 2 

32-mil thick 

RO4003C 

εr = 3.55 

2.7 1 

68 mm × 68 mm 
Dual-mode 

BPF 
2.4 4.8 1.2 2.28 and 2.51 2 

[17] 

i. BPF 2.4 20 
More 

than 15 
- - 3 

FR4 
εr = 4.4 

h = 0.8 mm 

- - 20 mm × 20 mm ii. BPF 3.5 11 

iii. BPF 1.65-1.89 14 

This 
work 

i. BPF 

(WiMAX) 
3.52 16.2 43.35 1.3 

1 2 

FR4 

εr = 4.3 

h = 1.6 mm 

2.89 and 4.76 2 
0.36 λg × 0.36 λg 

= 0.1297 λg
2
 

ii. BPF  

(5G, WLAN) 
5.2 23.65 28.5 0.8 3.65 and 7.43 2 17 mm × 17 mm 

 

5. Conclusions 

A low-cost, compact reconfigurable bandpass filter is 

proposed in this paper. The bandpass filter effectively covers 

two frequency bands. A folded half-wavelength microstrip 

resonator loaded with a central stub has been used to construct 

an E-shaped filter. The frequency is reconfigured by inserting 

a pair of PIN diodes into a folded half-wavelength microstrip 

resonator. The first band is in the range of (3.38 - 3.95) GHz 

with a center frequency of 3.52 GHz, whereas the second is in 

the range of (4.7 - 5.93) GHz with a center frequency of          

5.2 GHz, including WiMAX, 5G, and WLAN applications. 

The insertion losses of the two bands are 1.3 dB and 0.8 dB, 

respectively. The low insertion loss, high selectivity, compact 

size, and low cost make the proposed filter useful for 

communication filtenna in interweave cognitive radio 

applications. 
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